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REACTIONS OF HYDROGEN CHLORIDE AND BORON TRICHLORIDE WITH TRI-

METHYLSILYLAMINO GROUPS

K. J. L. Paclorek*, R. H. Kratzer, J. H. Nakahara and W. Krone-

Schmidt

ABSTRACT

Reactions of hydrogen chloride and triethylamine hydro-

chloride with the novel B-tris[bis(trimethylsilyl)amino]borazine

failed to give the expected B-tris(trimethylsilylamino]borazine,

but following the liberation of trimethylchlorosilane resulted in

condensations. At lower temperatures ammonia was eliminated, at

higher temperatures hexamethyldisilazane was the condensation

product. The possible mechanisms are postulated. Boron trichlo-

ride action on tris(trimethylsilyl)amine and 1,3-trimethylsilyl-

2,4-bis(trimethylsilyl)amino-1,3-diaza-diboretane was Investi-

gated. In the first instance the cleavage of the Si-N bond

occurred to a very low degree, the major process was the replace-

ment of the methyl groups on silicon by chlorine atoms. Only the

latter reaction was found to occur in the case of 1,3-trimethyl-

silyl-2,4-bis(trimethylsilyl)amino-1,3-diaza-diboretane.
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Contribution from Ultrasystems Defense and Space Inc., 16775

Von Karman Ave., Irvine, CA 92714

REACTIONS OF HYDROGEN CHLORIDE AND BORON TRICHLORIDE WITH TRI-

IETHYLSILYLAMINO GROUPS

K. 3. L. Paciorek*, R. H. Kratzer, 3. H. Nakahara and W. Krone-

Schmidt

B-tris(amino)-N-tris(trimethylsilyl)borazine and Its

telomers1 , 2 provide precursors for boron nitride preceramic

polymers. Due to the low yield multistage synthesis, alternate

routes to isomeric compositions and intermediates needed to be

developed. The reactions of silylamines with hydrogen chloride

are well established3 , as well as the Si-N bond cleavage by boron

halides4 - 6 . Thus one attempt was based on the partial replace-

ment of trimethylsilyl groups by protons in B-tris[bis(trimethyl-

silyl)amino]borazine using hydrogen chloride, the other attempt

was to form bis(trimethylsilyl)aminodichloroborane from tris(tri-

methylsilyl)amine and boron trichloride. We now report that the

reaction of hydrogen chloride with B-tris[bis(trimethylsilyl)-

amino]borazine led to condensed products, whereas the major

action of boron trichloride was the exchange of one of its chlo-

rines for a methyl group on silicon instead of the expected Si-N

bond cleavage.

Experimental Section

General Procedures and Materials. Operations were car-

ried out either in an inert atmosphere enclosure (Vacuum/Atmo-

- - -- - - -, vm e•i l m



spheres Model HE-93B), under nitrogen bypass, or in vacuo. Infra-

red spectra of solids were recorded as double mulls (Kel-F oil

No. 10 and Nujol); of gases in 10 cm cells, using a Perkin-Elmer

Infrared Spectrophotometer Model 1330. The mass spectrometric

analyses were obtained employing a DuPont Model 21-491B spectro-

meter attached to a Varian Aerograph Model 2700 gas chromato-

graph, equipped with a flame ionization detector. Gas chromato-

graphy was performed employing a 10' x 1/8" stainless steel col-

umn packed with 4% OV-102 on 80/100 mesh Chromosorb G using a

programming rate of 8°C/min from 50-3000 C. The elemental analy-

ses were performed by Schwarzkopf Microanalytical Laboratory,

Woodside, New York.

The reactions summarized in Tables I and II, were per-

formed employing vacuum line techniques, volatile products were

separated by fractional condensations quantitated and identified

by combinations of the use of calibrated traps, quantitative in-

frared spectral analysis and GC/MS. Room temperature nonvola-

tile, organic solvent soluble, residues were analyzed by GC/MS.

B-trichloroborazine7 and 1,3-trimethylsilyl-2,4-bis(trl

methylsilyl)amino-1,3-diaza-diboretane8 were prepared by known

procedures. Tris(trimethylsilyl)amine was purchased from Strem

Chemicals and was purified by sublimation, hexamethyldisilazane

was obtained from Aldrich Chemical, Co.. Boron trichloride and

hydrogen chloride were obtained from Matheson Gas Products and

were purified by vacuum line fractional condensations.
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Preparation of B-tris[bis(trimethvlsllvl)amlno]borazine

To a stirred solution of B-trichloroborazine (10.7 g,

58.2 amol) in benzene (200 mL) was added, at room temperature, a

mixture of hexamethyldisilazane (56.46 g, 349.2 amol) and tri-

ethylamine (35.34 g, 349.2 mmol); stirring at room temperature

was continued for a total of 115 h. Filtration gave 96% yield

(23.0 g) of triethylamine hydrochloride; from the filtrate 29.2 g

(90%) of the borazine were obtained. B-tris[bis(trimethysilyl)-

amino]borazine was purified by crystallization from hexane result-

ing in 71% yield of pure product, mp 131.5-1320 C. Anal. Calcd.

for C1 8 H5 7 Si 6 N6 B3 : C, 38.70; H, 10.28; N, 15.04; SI, 30.17; B,

5.81; MW, 558.64. Found: C, 38.89; H, 10.38; N, 14.64; Si,

31.42; B, 6.02; MW, 563 (by osmometry, In benzene). Mass

spectral data: M+(m/e 558; 46%), [M-CH 3 ]+(m/e 543, 100%).

Results and Discussion

Interaction of B-trisibis(trimethylsilyl)amino]borazine

utilizing three moles of hydrogen chloride at 1310C resulted in

13.6% recovery of the starting material, and the formation of an

Insoluble and Infusible product accompanied by a loss of 91.5% of

the available trimethylsilyl groups (54.0% as Me3SICI; 37.5% as

HN(SiMe3 )2 ). Similar results as above were obtained employing

triethylamine hydrochloride as the hydrogen chloride source.

With hydrogen chloride under milder conditions, In benzene at

room temperature, 36.1% of the starting material was left unre-

acted; the product lost 69.8% of the available trimethylsilyl
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groups as trimethylchlorosilane. The by-product of condensation

in this case was ammonium chloride. Based on the above data it

can be postulated that at the higher temperature the initially

formed trimethylsilylamino substituents condense with elimination

of hexamethyldisllazane and the establishment of -B-NH-B-bridges

i.e.: I I

H% H-N., ,N-H
H 1N1 SIMe 3  B

2 1 1- H-N + HN (SiMe 3 )

H-N N-H BoN_%
I I H-N N-H

I I

At the lower temperature no condensation of the tri-

methylsilylamino groups occurs. Instead the HNSIMe3 groups,

which apparently present a lesser steric hindrance to the attack

of hydrogen chloride than the N(SiMe3 )2 moiety, are transformed

into amino groups. The latter subsequently condense and the lib-

erated ammonia reacts with hydrogen chloride giving the isolated

ammonium chloride. The identification of a borazine, wherein one

of the trimethylsilyl groups was replaced by a proton, supports

this argument. It should be noted that the mole ratio of bora-

zine consumed to ammonium chloride formed was found to be 1:1.06.

Interaction of boron trichloride at room temperature

-ith tris(trimethylsilyl)amine (Table II) gave the expected tri-

methylchlorosilane and bis(trimethylsilyl)aminodichloroborane9

i.e., BC1 3  + N(SiMe3 )3  ON-- CI2BN(SiMe3 )2

But the yield was very low. Increasing the temperature failed to
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promote the desired process, instead resulted in the production

of methylboron dichloride accompanied by replacement of methyl

groups on silicon by chlorine atoms i.e.:

BCl3 + N(SiMe3)3  in MeBCI2 + N(SiMe2C)X(SMe3 )3 _x

It has been established from the mass spectral data, that only

one uethyl on a given silicon atom was replaced by chlorine (m/e

93, 95; SiMe2 Cl
+ ) proving the formation of N(SiMe2C1) 2 SiMe3 not

NSiMeCI2 (SiMe3 )2 . This type of compound was obtained1 0 from low

temperature reactions of trisilylamines, containing one o: two

SIR bonds, with boron trichloride. Under these conditions no

methyl-chlorine exchange was observed. The reaction of boron

tribromide with tris(trimethylsilyl)amine was reported1 1 to give

methylboron dibromide at low temperatures, however, at elevated

temperatures the formation of bis(trimethylsilyl)aminodibromo-

borane was claimed to be occurring. Our studies using boron tri-

chloride, as evident from the results in Table II, show an oppo-

site behavior, namely, a 78% yield of methylboron dichloride and

9.5% boron trichloride recovery at 150 0 C. On the other hand

boron trifluoride with tris(trimethylsily)amine was found to

afford the expected bis(trimethylsilyl)aminodfluoroboranel2.

These results show clearly the differences in the behavior of the

different boron halides.

In view of the above findings It became of interest to-

determine whether the methyl-chlorine exchange on silicon is

specific to tris(trimethylsilyl)amlne or whether other systems



show a related behavior. Boron trichloride failed to react with

1,3-trimethylsilyl-2,4-bis(trimethylsilyl)amino-i,3-diaza-dibor-

etane up to 700 C. However at 150 0C the replacement of methyl

groups on silicon by chlorine atoms accompanied by methylboron

dichloride formation was essentially quantitative. Only a trace

of trlmethylchlorosilane was detected pointing to a virtual

absence of SI-N cleavage. The products listed in Table II were

identified by mass spectroscopy; each of the materials exhibited

a high intensity molecular ion. No deductions could be made

whether these were single compounds or mixtures of isomers.
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